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PROTECTICN OF COOLED BLADES OF COMPLEX'INTERNAL STRUCTURE

: P. Glamiche
National Institute of Aerospace Studies and KResearch

Introduction ' _ /22-1%

The cows»antalncrease in output or thrust of turbo engines
"in the course of recent years has been accorpanlea by a constant.
. 1ncrease in input temperatures in front of the turbine The maln
factors which have made; it possible to obtaln such improvements
are, on the one hand, the use of refractory superalloys having

) partlcularly hlgh mechanical strength characteristics at high
.temperature and, on the other hand, the aevelopment of new shapes
of eooled pieees which from now on will allow the consideration
of turbine input temperatures appfeciably greater than the
melting points of materials used in the constructicn of the most

advanced stages of the hot turbine of the engines.

" In a very general way the improvement in the quality of

- mechanical strength at high temperature of refractory super-
alloys, whicn is.directly related to modifications in their
chemical composition, as well as the development of new perfected
cooling systems have had a tendericy in the other direction to
bring about a considerable increase in deterioration problems for
parts subjected to operational corrosion phenomena at nigh

| temperature, more particularly oxidation_and sulfuretion during

thermal cycling [1-47.

The main reasons for the present increase in ccrrosion

problems at nhigh temperature are the following:

a. The necessary reduction in chrcme content in the case of

nickelvbased'refractory superallioys which have been cdevelcoped and

¥ Numbers in the margin indicate pagineticn in the foreign text.



which are used almos» exclusively in the construction of rotor

blades allow1ng an increase in the Y hardenlng phase.

_ b The reduced wall thickness of cooled parts and the in-
'creased cornlex1ty in interior geometry corresponcding to the

most efficient internal shape<

c.. The occurence of internal corrosion and-cracking, some- . - /22-2
times~unforeseeable, and particularly pronounced in the case of
"cooled blades made of the most advanced refractory superalloys.

For about 20 years numerous works have been conducted on the
research and development of protectlve coatings which reduce, if
‘not entlrely ellmlnate the deterloratlon effects caused by erosion
of the heated parts of turbo engines. Efficient methods have
been developed, initially to protect traditional parts. They have
been constantly improved, then at the same time studied or
modified with.a view to applying these methods to obtain protection

of cooled parts.

The main purpose of this paper is to present the general
principles and andlngs of the new ONLRA SF method which has been
developed with an aim to providing ultra efficient protection of
cooled parts against corrosion and internal cracking, no matter
how complex the internal geometry. This method, which can be
very generallyuadapted and the application of which does not
require the use of any special equipment, has been studied,
developed and tested on actual turbo engine parts, uncer the
best conditions and in a relatively short emount of time after
its development because of the interest it arroused as scon as
it first appeared. Many engine ménufacturers in France and abroad
as well as large airline companies heve in fact provided the
laboratory -- fof purposes of testing or treatments -- with a

considerable variety of ccoled perts of advanced turbcjets and



high-power gas turbines. Experiments were carried out con these

parts and favorable results were obtained frém them.

1 - General Principles for Current Methods of Protecting

lRefréctory Superalloys

The current processes for protectlng high’temperature parts

: Of turbo engines in most cases ‘rely on two methods: thermochemlcal

_and PVD methods. The fundamental principles and, in partlcular
'ithe appllcatlon conditions are very dwlferent for these two
‘methods. In general, however, all of the methods involve the
fofmation‘of coatings high in aluminum content which ensure the
":effectiVé protection cf treated'parts against'corrosion gt high
ﬁemperaturé because of the.formation'of a very thin but cocntinuous

‘and'self—genérating'film of very stable refractory oxides.

The thermochemical protection methods, in most cases
"powder" ‘methods, are essentially based on deposit in a halogen
environment agd diffusion of one or several metallic elements.
They may be applied either in a single operation performed at
'high temperature (l,OOO—l,lOOd)'usihg controlled activity
methods; or in two independént, successive operations ~- deposit
at a moderate temperature (750-900°C) followed by out of pack
rédiffusion at higher temperature.' These are high aétivity '
methods. The ‘thermochemical protection method may also use
successive diffusion, involving different operations, of several
protective elements; for example,'an initial diffusion of chrome
and tantalum deposited in controlled amounts, followed by diffusion
of aluminum following a method of controlled or high activity.

On the other hand, it can be used on pieces first coated
electrolytically with thin deposits of-noble metals such as

platinum or rodhium.

In any event, the purpose of making complex diffusion alloys

(@8]



is to finally obtain protective coating with improved resistance
to corrosion,’ and possibly beter ductility in .comparison with the

resistance of coating. obtained solely by :aluminization.

PVD or. overlay protectlon met hoas 1nvolve physical depositing:
athoce spr aylng,lon platlné, plasma, etc of specilal complex
alloys generally- contalnlng_a dispersoid-element such as yttrium
,.the compoSitiohiof'which is pract*caIWyAinaependent of the nature:
of the substrate which it coaus PVD coatlngs, whose generic -
lname is M CrAlY b351ca11y 1nvolve the cowblnlng in various
proportlons of the elements ‘of aWumlnum, chrome and ytfrium with

one or several base metzals, most often nlckel and cobalt.

At the: ofeSent time thermochemical.protectionﬂmethods are the

most popular [5 6]. In fact, the majority of these methods have
~the advantage of hav1ng a relatively low cost of productlon and

they make it p0351ble to obtain protective coatlng of a unifcrm

and predetermlned ‘thickness with a hlgh-degree of reliability,
while only slightly'affecting the mechanical strength characteristie
at high temperature of the materials treated. So it is in

general with the thermochemiceal protection:methods developed at
ONERA [7], methods whose principles'and overall characteristics

are outlined in Table 1. Fig. 1 shows a technical setup for

applying these methods.

The protection technigues gsing chrcmaluminisation, tan-
cralisatinn and sylcfalisation are well known at the present time.
Besides the use of "non-wearing" deposit materials, one of the
common characteristics of these methods is the establishment
~in situ of an operational rediffusion barrier. The much more
recent DE 77 method, which until recently has not been discussed
in the literature, basically inveclves the-initial establishment
" of a ductile preliminary coating of an ordinary nickel-chrome

compound (82/18 - 80/20 plus additives, in particular traces of



/22-3

s3utrgrO00 8U3 JO
£34TTT30oND pue
£471TaRas UB1Y
ATavinotgaed
fuotarangins
puUB UOT3BPTXO
03 aoum3sIsad
JUSTTa0XT

uotjeanJg
-Ins o017 aour)]

- ufaTa
~T308 P3TTOJIQUOD
UujIm, ST UuoTr?l

-veaado TBUIJ 8yl
JT swaTqoad op

WKaTA

~STSad @mwmwporﬁuom POTTOI3U0D

~UT ‘UOTIBPTXO

—aa poo3 Kaap

UOTABPTXO 03
9DURISTSOL POON
UOTABJINITNS

pue UOTIBPTXO
07 aouBjySISad

poo3 KJaap .

U1 TM,

aTna B se jou
anq ‘aTqQrssod

poujau K3TAT3I0® 43Ty
poyjau K3TIAT30® PITTOJJUOD

-w-m N
.nn., m..._;

SAOTT®

aseyd pasdgad
-STP “890T3093n8
pPIJUSTIO ‘sfoTT®
-Jadns paseq
31TeqO9 J0 T9XOTIN

UOT3BZTTRBJIOURB] JO UOT3BS
‘(o1na
B SB SUOJOTW Q¢L-G)
PaOpPTJIOQdp ATTBOTWAYD
‘uoJo0q--Te)oTU
Jo Butgrsodsp TeoTwayn
*qusuwileaay xoTdrday,

-TTeaoTAs uaya

- —oWIays

LL 1a

ST, UOT3 "
013 souejgsTg~raado TeBUTJ Syj
JT swaTqoad ON

sfoTTeaadns
peseq T9YOIN

~ _UOTABSTUTWNTE J0
cOﬂmmchHEsHmEopzvo

‘(suogotw Q£-G) sopTu

-BYJjquBT JO 8oussagd
8U3 UT UOT3Ees
-TTB3UBY JO UOT3BS
-TWwoayo ajeJapoul(®e
squawilesas) xartdng

UoT3BeSTITAIDURY @:@
"TUOTQBZTITRIOTAS

sfoTTeaadns

paseq TaYOTN

uotsnJJIpoad Morvd

JO 2no F awoJayo

Jo adoussoad syj ug
wnutumte Jo at1soda(g

COHQQNMCHESH@
K1) TAT9o® UITH

wEuHQOLQ ozw

sforTeaadns
paseq 37eq
-09 J0' TaXOIN

AWOIYD
pue wnuitwnite JO
uorsnJJFIp daas-suQ

(£21A
—T308 pPaflogL4u02)
UOT3BZ TUTWUNTRWOIYD

sqTne

TTIBISAQ

ﬁosuwe
dS 98Ul YjIm.
£3TTTQTIRdWOD

- pagoajzoad aq

.0p mﬁmﬁpoumz.

nmﬁgﬁocﬁp& TeJdauan

anbtuyoa],

107

m%oaﬂmammsm Ka0qo®JaJ9Y IJUTI0930dJ

mmzaazcoma H@OHEmsooEpmze VHINO Jo woapmﬁpwpomhm:o Hmpwcuo

T STqarl



heavy elements} on perts which
ultimately are to be prctected.
using traditiocnal methdds
(controlled activity chrom-

aluminisation, high activity

aluminisation, etc.). The
preliminaryvcoating, the thickness
~of which ié very uniform and in
most cases ranges between 10 and

V 25 micfohs; is. obtained by
chemically depositing nickel-
boron 1n an aquecus solution,
followed by a deboriding—prediff

fusion operation carried out in

' o . a simple.manner'in a halogen
Fig. 1. Type of setup &llowing '

‘application of all of the ONERA 2abmosphere at 850°, then followed

‘thermochemical protection or by a chrome alloy transformation”
assembly techniques (partial . . N ine the hemical
view) -- Alloy surfaces, ftreatment using thermochemica
Wilmington means (moderate chromization,

doped with lanthanides).

The DE 77 proteétion technique can be very generally applied.
It is suitable for refractory superalloys, oriented eutectics,
dispersed phase alloys, etc. By means of this technique ductile
ccatings can'ultimately be obtained. The thickness of these
coatings can be predetermined and is - very uniform. They are
stable in use and have a particularly high resistance to
oxidation and sulfuratiocn at high temperatures when subject to
thermal cycling. Since no operations involving the applicaticn of
the DE 77 method have been carried out at a témperature greater
~than 1,050°C -- except in special cases -- the effect of the
treatment on the creep strength charactsristics of the parts can

in most cases be considered negligible.



The results obtained by
using the DE 77 methcd can be
seen by loocking at Figs. 2-4.
These peftain to a_particularly'
difficult and so far unsatisfac-
torily solved problem, in this
case the protec@ion cf COTAC
type carbon fiber reinforced

oriented eutectics.

"Fig. 2. Basic hanging structure
‘cheracteristic of the DE 77
protection treatment: example
COTAC 74 —-- direction perpen-
-dicular to the fibers '

/22-4
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Fig. - 3. Structure of a DE 77 coating

: 3A -- direction
parallel to the fibers; 3B -- direction
perpendicular to the fibers.

—l.



Fig. 4. Structure of a DE 77 coating applied
on COTAC 74 following an oxidation test with
harsh thermal cycling for 500 hours at 1,130°C
in air: 4A -- Direction parallel to the fibers;
4B -- Direction perpendicular to the fibers.
Hote that there is almost no change in-the
initial thickness of the coating.

With PVD protection methods it is -possible to coat the
surfaces of parts to be protected with coatings whose thickness
is in brinciple unliminted. The composition of the coatings
is homogeneous and can be adapted tc the composition of complex
materials which have an uneven resistance to corrosion at high
temperature [§,9]. On the other hand, PVD protection methods
present several major drawbacks. ~Besides a high cost of
produétion, these drawbecks include a low power cof penetration
and, as a rule, defficient ductility, and a tendency tc rediffuse
in use at high temperature which can result in a sigrnificant

reduction in creep resistance of the protected parts [10].

The effectivenessAand, in perticular the stability of
protective coatings applied by the PVD method can be appreciably

improved by ccecnbining such a method with ean initial coating



operatlon u51ng thermochemlcal means .such as the dlL_us1or of

-,llmlted amounts of cnrowe, aluminum and chrome or chrome and

_ tantdllum [11]. In thls way a general prellmlnary ‘coating of
"all of the surfaces of the -parts to be protected can then be
;obtéinédl“The particular type of nickel-chrome 80/¢O + addltlves
base'layér'ﬁhiéh. corresponds to the basic nature of the DE 77 '
methcd_ as well as the thin but uniform ccatlngs wnich can
ultlmately Be'obtainéd as a result of using the method present
. ’therselves a priori aé types of-pre coatings  which are par-
: tlcularly.gffective in the case of parts to be protected using
- the PVD method. | | SR

) The'fihal application of a subplementary cocating treatment /22-5
usiné thérchhemical’means,'such.as chromalumihisation, on parts
.basically protected by the PVD method is, on the -other hand, well
known. In various particular'cases using this .methéd.it is

fp0551ble both to improve the quallty and homogeneity of the surface
"regions of the coatings and to ensure the coating and thus the
protection of areas of parts whlch could not be reached by the

"PVD coating Qreatment4[l2],

2. Principle, Basic Arrangements and Possible Overall Appliceticn
~Conditions of the ONERA-SF Method

A. Principle

_ The pfinc1plé and aim of the SF methed is tc ensure the
protectlon of all of the external and internal surfaces of cooled
parts (1n general, rotor blades or stator blades) subjected to the
effects of cdrrosion or cracking in a corrosive environment, no
matter how complex the internal shepe of the parts to be coated
This is to be done in a simple and reliable menner, in most cases
with a singlé-dperation using thermochemical meens. Another .
objective is to specify treatments which allow the applicaticn of

protective coatings of predetermined thickness according te each

\O
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particular region of the parts, without any risk of clogging the

orifices for uh flow of coolant air, no matter how small their

. ‘diameter, or of unduly recucing the size of such orifices.

The application of the 'SF method seems basically justified
for protecting coo¢ec parts'constructed of superalloys very sen-

sitive to oxﬂdatlon .or’ sulfurat on, such as IN 100 or B 1900,

espec1ally when the coollng of the part is- apcompllshed at least .

in part, by e} ectlng air through very small orlfﬂc s or through
long, narrow channels: coollng by convectlon,Almpact film, or

simultaneous combination of severzl of these methods.

B. Necessary Arrangements

The SF methcdé involves two necessary characteristic

Aarrangéments. " These can be set-up on their own or in -combination

“with other metﬁods, dependihg on the'particular'case.

a) Initial separation of the parts to be protected from

‘the treatment environment, at least in the zones where the cooling

' air'arrives or i§ ejected. by
means of highly porous, ductile
covers, the shape of which can be
exactly adapted to that of the
zones of the parts which they

are supposed to cover: SF

arrangement, Fig. &.

b. Initial injection of
protective material intc the
interior of the pearts to re
protected. This in injected in

Fig. 5. Various cooled rotor
blades and corresponding _
separation coverings for S&F to an arrangement wnlich &gllows it

protection. tc be used both gradually and

predetermined amounts according



completely in the course of the coating treatment: SI + arrangement.

The separating covers are made of a thin, perfectly ductile
sheet of nickel felt with én open porosity which is both very
great and'very-fiﬁe. " The sheet is traisforﬁédnby ddplei'thermo—
chemical treatment into a felt of nickel-chrome-~aluminum alloy
which is 1ikewise{vefy porous and ductile. The porosity of tne
material is completeiy open, on the order of 90%, and it generally

‘ranges in thickness between 0.3 and 0.4 mm.

The porous‘material,>which can be easily shaped either
before or after thermochemical transformatioﬁ preceded by moderate
chrbmisatibn, does not show any sighificant’eleastic response,
turns out toAbe,practically neutral with respect to thermo-
chemistry and uitimately cannot adhere to the surface of the
protected pafts, thus providing & particularly satisfactory type

of separation.

The particular characteristics of the material, and more
especlally, its open porosity which 1s both very great and very
fine makes it possible, on the one hand, to avoid any penetration
of particles, no.matter how fine, into the interior of the parts
to e coatec, and, on the other hand, to enhance the convection
movements wnich ensure the circulation of vapors of carrier
halides of ceposit metals given off from the treatment charge.
£ local increase in density (partial or complete) of the material,
which can initially be accomplished by simple grinding, makes it
possible, onr the other hand, to ensure, if necessary, a controlled
reduction or, at the limit, suppression of the convection currents.
The latfer arrangement can be used either to obtain coatings of
appreciable thickness on certain specific compartments just of
special cooled parts or to help give extré protection both ©on

inside and outside surfaces.

incorpeoration of a vredetermined and
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cormpletely consumable amount of 'added protective element in the

interior of the parts to be protected -- necessary in different

cases to ensure a reldy action of metallic -halide vapors given

off by;the treatment charge prcperly so called -- most often in-

volves -a  sandwhich type material with an aluminum-chrome base.
Depending on the case, this material generally consists either

of sections of-a thin sheet or of section Of fine aluminum wire

coated with ‘chrome, in .most cased deposited by electrolysis for

a well'definéd-ratio_by’weight of chrome to .aluminum. The sections

are put into the interior of the parts to be protected in amounts

m
O

corresponding'to'the final result ‘being sought; It is al

.possible, at least in certain cases, to use particles of aluminum

which which.have'been electrolytically chromed or anode oxidized
which are then injected at the start by -means of pastes or gells
which -can be eliminated at high temperature without the formation

.of harmful  residues.

By initially}depOSiting chrome on the surface of the aluminum /22-0
it is possible to prevent flow at high temperature and to keep the
metal substrate from fdrming ¢rops with a low melting point. This
thus prevents the drops from-resultihg in a;coatihg of nonuniform
thickness or places of local corrosion in the liquic¢ phase of the
surfaces of the material treated. ioreover, this deposit also nelps
to ensure under the best conditions that the protective elements
added, chrome and aluminum, are added and diffused gradually but

completely by the end of the operation.

C. Possible Applicetion Conditions

In principle, 1t appears possible to apply the SF metnod in
a general way combined with any technique whatsoever of thermo-

chemical protection using powder or a purely gaseous Dhase involving

different adcditive elements. N
In fzct, the use ol the SF metnod seems most interesting and



turns out to -be most effective in controlled czctivity protection
precesses which inveoive, at least in part, the use of aluminum
. as the protective diffusing element. Examples df this are the
.chromalumlpwsatlon method of ONERA and the Co-Dep method of

" Ceneral Electric.

The SF method, Q51b15 comblned with the supplewentray
“afrangement described  above , can be applled,Awlthout modlfylng
any of the basic principles, to pfotection treatments properly
SO Called;:on the one hand in the case of initially untreated parts,
and.on the other in the case Of.perts initially coated by

electrolytic, thermochemical or PVD metheds.

In the case of protective coatings involving separate layers
-obtained by successive apprlication of at least 2 identical or
different operations certain particular preparation errangements:

for the parts appear necessary in most cases.

Thus, successive treatments will be required to provide
protection using solely the thermochemical method -- chromalumi-
nisation, for example‘—— for'rotor blades which are to be cooled
by the presence of a large number of very fine perforations andv
whose external surfaces are to be protected by very thick coatingé,
while thinner coatings are to De used on the surfaces of th
cooling orifices and the wnternal surfaces of the rotor blades.
In similar cases the parts can be’ perforated after &applying the
first treatments, such as chromaluminisation or sylcralisation,
which in themselves practically amount to obtaining a very thick
external coating and can be accomplished in a way which in itself
is traditional. Supplementary protection treatment for the
internal surfeces then reguires merely the use of at least SF

arrangements.

An eanalogous perforation oprocess coming after the supplementary



pro tectlon t“eatrent by thermocheplcal means accorolng tc the
SFE methoo can also be con51dered in" the case of parts 111t1a11y

coaued by twe PVD methoo instead of belng;protected by clffusion.

On the_other hand;"the'application of at least one SF
‘arranremenu, in the case oF-cert"inztypes of.cooled pieces, insures
an; overall cr onIJ 1nterna1 yrecoatlng Qe51gned ultimately to
'1mprove the corr051on re51stance of Dlades WhObe external surfaces.
are intended to. be orotected banCallV oy the. appllc ticn of
?VD.methods. it is p0551ble to initially 71m1t a2 .preliminary -
‘aluminam based coating only to the internal surfaces of cooled
;Darts'and to the éﬁrfaceS'of possible air ejection orifices in a
"Slmple way by u51ng uhe SF arrangement 1nvolv1ng the. introduction
of :combined consumable élements such as chromed aluminum. Then,
dependlné on uneAcaee and the intended goal,; the parts to be
r.treated can be heated either in a purely gaseous phase or in a
"neutrai or actiQe powdery enVifonment, for example in the latter
" case, cementation powder for moderate cihromisation which, during
the same»Qperation, ihsures the applicetion of a coating rich in

‘chrome on the external surfaces of the parts. to be coated.

"In a Very'generai way it appeafs essential to state that the
making of~protective.coatings'on the internal surfaces of tubular
of'perforated parts'inevitably amounts to a uniform and predeter-
minable increased thickness which corresponds to approximetely half
of the.thickness of the coating-properly so called. -Such an
increased thickness, in itself easy to compensate for initially,
can possibly be used adveantageously to obtain :very fine perfor-
ations from perforations which initially have a larger diameter

and because of this are easier to make.
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3 - Analysis of a Few Results Obtained Using SF Arranpements

_Figs.'é and -7 show different types of.partsafrom the forward

stages'of turoco engines protected only by thermochemical methods

" the SF method..

" cooled by.convection,

Various cooled turbo-

M, 6
-Lé. .
jet parts protected by the SF
method.

Fig. 7.

or by a combination of different
protection methods, together with
are parts

film,

etc.  They reveal the large

These

impact -

il variety of-cases which have already

been studied. 'No particular in-
ternal shape of the parts seems
in itself to pose eany insurmount-

able problems.

By looking at the micrographns
shown in Figs. 8-14 we can see the
results which were -obtained in
different cases in an'alfeady

predetermined and reliable way.

i

Fig. 8. Structure of the coating of
a cocled rotor blace of B 1900 pro-~

dustrial ‘power turbine protectec tected by SF chromaliuminisation,

by the SF method (refractory
alloy IN 100:

for coating of varied thicknesses

chromaluminisation,depending on the external surfaces of

syleralisaticon or DE 77 protecticn).the blade anc the surfaces of the or-

1
U

ificies which emit the ccoling air.

15
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Fig. 9. Structure of the ex-
ternal and internal coating of
a cooled rotor blade made of
MAR 002 protected by SF
chromaluminisation -- midpoint
cross-section.

Fig. 10 (rignt). Structure of the
external coating and internal
coating of & cooled rotor blade
made of Nimonic 108 protected

in a general way by SFt = .
chromaluminisation. 10A: Over-
2all view. 108: Detail cf the
structure of the external
coating. 10C: Detail of the
structure of the internal
coating. Micdpolnt cross-section.
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-
Fig. 11. Structure of the exter- Fig. 12. Structure of the ex-
nal coating and internal cocating ternal coating internal coating
of 2 cocled rotor blade made of of a cocled rotor blade made of
Nimonic 108 protected by SF Nimonic 108 protected by SF
chromaluminisation only on the sylcralisaticon. Midpoint cross-
leading and trailing edges. section.
Trailing edge, midpoint cross- :
section [12].
.o 2
& 2 v
‘,‘ e °
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o
‘.f‘:‘QO[lnl
e g Fig. 14. Structure of the surface

. regions of a sample of IN 100
. ' protected by SF chr 1ini icn
Fig. 13. Structure of the surface P . I - qmalun nlsatlgr
: T » - . following a very thin electrolytic
regions of the external 3 . A
s . . \ s leposit of- platinum.
coating obtained on a cooled _
tlade made of B 1900 with an
initial coat applied by the PVD
method (Cocraily of P.WA.) fol-
lowed by a ccating applied by
SF chromaluminisation.
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) cenerally speaxlng, the thickness of internal coatings on
cooled parts aopllec by using the SF method in most cases. is
found to.range between 10 and 30 microns.KNThe thickness of
coatingbwhichAarelsupposed to insure the prctection-of“the
external surfaces of the parts usually rahges‘between 30 and
i0o microhs. lf one refers to & unit of coating thickness

correspondlng to a spec1llc value, for example 20 -microns, the

‘ouallty OL corrosion re51stance at hlgh temperature under the
effects of tnermal fatléue for 1nternal surface coatings appears

,to be at least equal to the quallty of c0at1ngs for external

surfaces’ obtalnea by u81ng ‘the best traaltlons protectlon

_processes 1nvolv1ng thermochemical. methods. - In particular, the

1'n‘cernal coatlngs do not show an llablllty to scallné in an
OYlOlalng env1ronmenc’at hlgh temperatur s and they e fectlvely
protect the substrate from the effects cf thermal fatigue. The

<particularly high level ‘of corrosion resistance of internal
- coatings and their lack of sensitivity ‘to scaling are easily
- explained by the fact that such protective coatings essentially

consist of sub-stoichiometric "aluminides" with regard to the

-exact cdefinition M-Al, the corresponding diffusion &lloys in

addition containing some chrome throughout their entire thickness

and being in ana priori favorable compression state.

A look at Figs;:8—14 does not seem to justify any detailed

comments, since such comments could only recount what has

"already been said.

Fig. 1%, by contrast, refers to a spe01al case, 1n this case
protection against corrosion and especlally against the clogging

of post-combustion injection strips.  In a similar case, which

-requires only in a general way the supplementary. SF arrangement,

_the presence of the internal coating makes it possible at least

to considérably reduce, if not completely eliminate, the appearance

and develcpment of deposit phenomena and the growth of seeding



sites for carbon-based soots

which can ultimately lead to

'Lthe injectors.

Ccnclusions

The reQults which have

Fig. 15. Structure of the sur- by using the SF coatwng tecnnlque

face regions of a hole in a .
post-combustion .injecticn strip

mace of Inconel protected by - ticularly complex internal shape

et . . .
SEF' chromaluminisation.

while contribution to the aevelopwent "and safe use cf advanced

1"w"bo'eng;ines which are essentLally characterl ed by very high

.turblne 1nput temperatures.r

_ The very positive collaboration which was established be-
tween the ONERA Laboratory and different manufacturers or users
“of the parté in questiocn is in-any case -one of the primary

reasons which help the SF methcd move qulckly Deyond the stage

of 1n1t1311app11cat10n on test samples or scale models, thus

allow1ngAthls "method to be applied from now on in assembly line

production.

local or.widespread bloc kage of

for cooled components w1tn a par-

seem capab7e of makKing & worth-

/22-9

already been obtalned on real parts
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